Glucosylceramide (Glc^l-lCer) was isolated from the spermatozoa of the starfish, Asterias amurensis. The long-chain bases of the glycolipid consisted of dihydroxy (dl8:2, dl8:3, dl9:3, and d22:2), and trihydroxy (t22:l) types. Long-chain aldehydes derived from them were analyzed mainly by proton nuclear-magnetic resonance to determine the detailed structures. Two of the tri-unsaturated bases were identified as (4E,822,10.E)-2-amino-4,8,10-octadecatriene-l,3-diol (dl8:3) and (4.E,8.E,10£)-2-amino-9-methyl-4,8,10-octadecatriene-l,3-diol (dl9:3), which is a novel base. Both d22:2 and t22:l had a cis double bond at the C9 or C13 position. All fatty acids were 2-hydroxylated (C M -C 2 5):Most of them were saturated and unbranched. About 10% was mono-unsaturated and unbranched (C 22 -C 25 ), while saturated but branched (iso-and anteiso-types) C 16 -C 18 acids were found as minor components. The main fatty acids, which summed up to more than 93% of the fatty acids in the glucosylceramide, were n-14h:0, ra-15h:0, n-16h:0, n-17h:0, ra-18h:0, and n-24h:l.
Much attention has been directed to biological roles of glycosphingolipids (GSLs), especially after the findings that some GSLs serve as differentiation and/or growth regulators {1-3). Echinodenn gametes seem to provide an ideal system for studying such problems since it is rather easy to collect large quantities of a homogeneous population of these cells. Moreover, it is known that echinoderms contain several unique GSLs: in sea urchins, gangliosides have only glucose(s) as their neutral sugar components (4) (5) (6) , and recently a ceramide dihexoside (CDH) with melibiose was found (7) . In starfish, gangliosides having a sialic acid in the middle of sugar chains (8) (9) (10) (11) , those with a sialic acid bound to the glycolyl group of the penultimate sialic acid (12) , and neutral GSLs with d22:2 long-chain bases (LCBs) (13) (14) (15) have been reported. We have attempted an extensive study on GSLs in starfish spermatozoa for better understanding of the molecular mechanism of the acrosome reaction, an essential sperm response to egg investments for fertilization (16) . Here, we report a detailed characterization of tri-unsaturated LCBs found in glucosylceramide from starfish spermatozoa.
as described below. Another aliquot was used to determine the ratio of non-hydroxy fatty acid methyl esters to hydroxy ones by preparative TLC (18) and GLC. To determine the double bond position and geometical isomerism, the remainder of the esters was subjected to OsO 4 oxidation and 'H-NMR.
OsO 4 Oxidation-Fatty acid methyl esters were oxidized with OsO 4 by the method of Polito etal(19) . The oxidized esters were methanolyzed (1 N HC1 in methanol at 100'C for 3 h), and the fatty acid methyl esters with vicinal diols were purified by preparative TLC. Then the esters were O-trimethylsilylated by the same method as mentioned above and analyzed by GC-MS.
Long-Chain Base Preparation-The long-chain bases (LCBs) were released and recovered by the method of Gaver and Sweeley (20) . An aliquot of the bases was O-trimethylsilylated and analyzed by GLC and GC-MS.
Lyso-Glucosylceramide Preparation-Glucosylceramide (2 g) was alkalinely hydrolyzed according to the method of Taketomi and Yamakawa (21) . Lyso-glucosylcermide recovered from the butanolic layer was dissolved in chloroform and applied to an Iatrobeads column (2.6x37 cm). The elution was carried out successively with a linear gradient of chloroform to chloroform-methanol 9 : 1 (v/v, 600 ml each), 500 ml of chloroform-methanol 9 : 1 (v/v), a linear gradient of chloroform-methanol from 9 : 1 to 3 : 7 (v/v, 600 ml each), and 600 ml of methanol. Aliquots were collected and the elution was monitored by TLC. Lysoglucosylceramide was recovered from the elutions of chloroform-methanol from 9 : 1 to 3 : 7 and methanol.
NaIO t Oxidation-Lyso-glucosylceramide was oxidized to long-chain aldehydes (LCAs) with NaI0 4 (22) . LCAs from lyso-glucosylceramide were purified by HPLC under the conditions mentioned below. Glucosylceramide was also oxidized with NaI0 4 as follows: glucosylceramide (17.2 mg) dissolved in 10 ml of methanol was mixed with the oxidant solution (214 mg of NaIO 4 in 2 ml of water) and left at room temperature overnight. Then 38 ml of water was added to the mixture, and LCAs were extracted with 40 ml of n-hexane three times. The crude LCAs recovered from the combined n-hexane solution were dissolved in chloroform and applied to a small column of Iatrobeads (l.lxll cm). Partially purified LCAs were eluted with 40 ml of chloroform. The LCAs were further purified by HPLC.
KMnO< and NaI0 4 Oxidation-LCAs purified by HPLC were subjected to oxidation with KMnO 4 and NaI0 4 (23) . Each sample (50 ng) was dissolved in 0.4 ml of t-butanol, and to this solution, 1.2 ml of 0.02 M Na 2 CO 3 and 0.54 ml of oxidant solution (100 mg of KMnO 4 and 20 mg of NaI0 4 in 5.4 ml of water) were added. After stirring at room temperature for 1.5 h, powdered NaHSO 3 was added until the solution became transparent, and then two drops of concentrated H 2 SO 4 were added. The mono-and dicarboxylic acids thus prepared were extracted 3 times with 2 ml of n-hexane, and the combined n-hexane layer was washed once with water. The n-hexane layer was dried and the acids were esterified (1 N HC1 in methanol at 100'C for 3 h) for GLC analysis.
Catalytic Hydrogenation of Glucosylceramide-Glucosylceramide (33 mg) was dissolved in 10 ml of anhydrous methanol and 100 mg of palladium black was added to this solution. The lipid was hydrogenated by bubbling with H 2 gas and stirring overnight at room temperature. After the removal of the catalyst by passage through a small column of silicic acid, the saturated glucosylceramide thus obtained was methanolyzed (1 N HC1 in methanol at 80'C for 16 h) for the fatty acid analysis by GLC. The completion of this reaction was confirmed by the disappearance of the peaks of the unsaturated fatty acid methyl esters and the increase of the corresponding saturated ester peaks.
Preparation of One Carbon-Deleted Non-Hydroxy Fatty Acid Methyl Esters-Fatty acid methyl esters of the saturated glucosylceramide were reduced with LiAlH, (24) and then oxidized with KMnO 4 and NaIC\ by the same method as mentioned above. The reaction products were esterified for GLC analysis.
Preparation of Branched Fatty Acid Methyl Esters-A mixture of the gangliosides of the starfish, Asterina pectinifera (8, 9) , was kindly provided by Dr. M. Sugita, Shiga University. LCBs from the gangliosides, which consist mainly of wo-tl6:0, tso-tl7:0, anfeiso-tl7:0, iso-tl8:0, and anfeiso-tl8:0, were oxidized with KMnO 4 and NaI0 4 as described above. The fatty acids thus prepared were esterified and used as the standards of the branched and saturated acids for GLC analyses.
Thin-Layer Chromatography-Silica Gel G plates (20 X 20 cm, 0.25 mm thick; Analtech, Newark) were used for preparative TLC. For analytical TLC, high-performance TLC plates (Silica Gel 60, 10x10 cm, 0.2 mm thick; E. Merck, Darmstadt) were used. The solvent systems used were as follows: for the separation of non-hydroxy fatty acid methyl esters and hydroxy fatty acid methyl esters, n-hexane-ether 8 : 2 (v/v) (18) ; for the purification of the fatty acid methyl esters with vicinal diols, chloroformmethanol 9 : 1 (v/v); for neutral glycolipids, chloroformmethanol-water 65 : 25 : 4 (v/v/v). The TLC plates were visualized with 50% H 2 SO 4 spray for fatty acid methyl esters and with naphthol-H 2 SO 4 spray for glycolipids. Bovine brain CMH and CDH, kindly provided by DT. Y. Nagai, The University of Tokyo, and CTH, CTeH, and CPH from a fresh water bivalve, Hyriopsis schelegelii (25) , kindly provided by Dr. M. Sugita, Shiga University, were used as neutral glycolipid standards.
Gas Liquid Chromatography-A Shimadzu GC-7A gas liquid chromatograph equipped with a fused silica capillary column of ULBON HR-101 (Chromato Packings Center) (0.24 mmx25 m) was used. The column temperature was programmed as follows: for O-TMS methylhexosides, from 170 to 230'C at 2"C/min; for fatty acid methyl esters, three programs of a constant 200*C, a constant 250'C, and from 210 to 250'C at 4"C/min; for O-TMS LCBs, a constant 250"C; for mixtures of mono-and dicarboxylic acid methyl esters prepared by KMnO 4 and NaIO 4 oxidation of LCAs, a constant 140'C. The carrier gas was He at flow rate of 1.0 ml/min.
GC-MS Analysis-Patty acid methyl esters and O-TMS LCBs were analyzed with a Shimadzu QP1000A gas chromatograph-mass spectrometer with a column of CBP-1 (Shimadzu) (0.2mmx25m). The analyses were carried out in the electron impact (El) mode at the ionization energy of 70 eV. The oven temperature was programmed from 100 to 300'C at 15'C/min.
High-Performance Liquid Chromatography-For the purification of LCAs, an HLC-803D high-performance liquid chromatograph (TOSOH) was used with a reversed phase column of ODS-120T (7.8 mm x 30 cm) (TOSOH) Vol. 107, No. 4, 1990 and a UV monitor, UV-8 model II (TOSOH). The chromatography was performed with the solvent of 1% water in methanol at a flow rate of 2.5 ml/min (26) . LCAs from lyso-glucosylceramide were detected at 230 run and those from intact glucosylceramide were detected at 206 nm.
l H-NMR Analysis-Intact glucosylceramide in DMSOd«, fatty acid methyl esters in CDC1 3 , and LCAs in CDC1 3 were analyzed with a JEOL JNM-GX500 'H-NMR spectrometer. The temperatures were 45'C for the intact glucosylceramide (27) and at 25'C for fatty acid methyl esters and LCAs. Tetramethylsilane was used as an internal standard.
RESULTS AND DISCUSSION
Purification of Glucosylceramide-Glucosylceramide extracted with chloroform-methanol from the lyophilized spermatozoa of the starfish, A. amurensis, was purified by the column chromatographies reported previously. From 345 g of starting material, 5.15 g of purified glucosylceramide was obtained. The glycolipid had the same R f values as the lower band of bovine brain CMH, as shown in Fig. 1 .
Sugar Composition-The carbohydrate composition was analyzed by GLC. GLC analysis snowed that glucose was the only sugar constituent of this glycolipid. The exclusive presence of terminal glucose was confirmed by methylation analysis. In the 'H-NMR spectrum of the glucosylceramide, one doublet anomeric signal was observed at the chemical shift of 4.13 ppm with the coupling constant of 8.1 Hz, indicating the glucose residue was beta configuration. Therefore, this glycolipid was concluded to be Glc/Sl-lCer.
Fatty Acid Composition-Fatty acids of the glucosylceramide were analyzed as their methyl esters. The esters were subjected to preparative TLC, and the bands corresponding to the esters of non-hydroxy fatty acids (NFA) and hydroxy fatty acids (HFA) were separately scraped off. Both esters of NFA and HFA extracted from the silica gel were analyzed by GLC. No NFA esters were detected, and the chromatogram of HFA esters completely coincided with that of the total fatty acid methyl esters (TFAME) (Fig. 2) . Therefore, all the fatty acids were concluded to be HFA. Peaks 1, 2, and 3 in Fig. 2 were analyzed by GC-MS and determined to be 2-hydroxytetradecanoic acid (/i-14h:0), 2-hydroxypentadecanoic acid (ra-15h:0), and 2-hydroxyhexadecanoic acid (n-16h:0), respectively (28) . Peaks 4-12 were determined as 2-hydroxy (tentatively), unbranched and saturated fatty acids by comparing the equivalent chain length (ECL) values, that is, n-17h:0, n-18h:0, n-19h:0, n-20h:0, n-21h:0, n-22h:0, n-23h:0, /i-24h:0,andn-25h:0, respectively. The position of the hydroxy group was further confirmed by derivatizing to one carbon-deleted acids as described below.
In the gas chromatogram of the H 2 -reduced fatty acid methyl esters, Peaks 13-16 in Fig. 2 completely disappeared with the corresponding increase of Peaks 9-12, indicating that Peaks 13-16 in Fig. 2 are those of unbranched and unsaturated fatty acid methyl esters with the carbon number of 22-25. To determine the double bond position, TFAME was oxidized with OsO 4 and methanolyzed. The fatty acid methyl esters with vicinal diols were purified by preparative TLC and analyzed by GC-MS after Otrimethylsilylation. There were ten peaks in the total ion chromatogram (Fig. 3A) and in their mass spectra, some determinant fragment ions ([M-COOCH 3 ; column temperature, 210-250*C (4'C/min); He flow rate, 1.0 ml/min. 1 to 12: methyl esters of 2-hydroxy, unbranched, and saturated acids (n-14h:0, ra-15h:0, n-16h:0, n-17h:0, n-18h:0, n-19h:0, n-20h:0, n-21h:0, n-22h:0, n-23h:0, n-24h:0,andn-25h:0, respectively); 13 to 16: methyl esters of 2-hydroxy, unbranched, and mono-unsaturated acids (n-22h:l, n-23h:l, n-24h:l and n-25h:l, respectively); 17 to 22: methyl esters of 2-hydroxy, branched and saturated acids (iso-15h:0, ante»so-15h:0, iso-16h:0, antei8o-16h:0, iso-17h:0, and iso-18h:0, respectively).
ment derived from the cleavage between the O-TMS derivatized w-C7 and w-C8 (w-7 isomer, Fig. 3C ). When the O-TMS groups are at «-C9 and OJ-CIO (w-9 isomer), the cleavage between them will give rise to the w end fragment ion of [CH,(CH 2 ) 7 CHOTMS] + at m/z = 215 (Fig.  3C) . Therefore, Peaks 1, 4, 7, and 10 were the w-9, 10 di-O-TMS derivatives, and Peaks 3, 6, and 9 were the w-7, 8 di-O-TMS derivatives. Peaks 2, 5, and 8 might be mixtures of both derivatives. These data indicate that the original n-22h:l, n-23h: 1, and n-24h:l are mixtures of co -7 and o>-9 mono-unsaturated acids, and that the original n-25h:l is mono-unsaturated one at &>-9.
The geometry of the double bonds of the monounsaturated fatty acids was determined by 'H-NME. Chemical shifts of the olefinic and allylic protons in TFAME mixture were 5.35 and 2.01 ppm, respectively. These values were compared with those of the model compounds, methyl oleate (C9-cis) and methyl elaidate (C9-trans) . The values from TFAME were in good accordance with oleate (olefinic; 5.34 ppm and allylic; 2.01 ppm), but not with elaidate (olefinic; 5.37 ppm and allylic; 1.96 ppm). Therefore, the mono-unsaturated fatty acids in the glucosylceramide were concluded to be cis isomers. The reason why two types of dihydroxylated derivatives were generated from one cis mono-unsaturated isomer (for example, the Peaks 1 and 2 in Fig. 3B arose from the a>-9 unsaturated isomer of n-22h:l) might be explained as follows. It is widely accepted that oxidation with OsO 4 is highly stereoselective (29) and erythro diol should be produced from the cis double bond. It is also believed that the naturally occurring 2-hydroxy fatty acid is the D isomer (30). Therefore, it is conceivable that two diastereomers (for instance, 2R, w-lOS, «-9.Rand2.R, &j-10ii, &>-9S isomers from an QJ-9 isomer) were formed, because the OsO 4 o>-7 isomers , respectively. C: Fragmentations of the esters derived from OJ-7 mono-unsaturated acids (u-7 isomers) and a>-9 mono-unsaturated acids (OJ-9 isomers). For the detailed characterization, see text.
molecule could attack each side of the double bond. So far, we can not elucidate the grounds for the ratio of the diastereomers formed in this experiment (Fig. 3B) , nor have we checked the reproducibility by using an authentic unsaturated plus 2-hydroxylated fatty acid because of its difficulty of procurement.
To determine whether fatty acids of the glucosylceramide were exclusively 2-hydroxylated or not, fatty acid methyl esters from H 2 -reduced glucosylceramide were successively treated with LiAlH,, KMnO 4 , and NaI0 4 , and the derivatives were finally esterified by methanolysis. If all the fatty acids are 2-hydroxylated, the derivatives are expected to be a set of one carbon-deleted non-hydroxy fatty acids, because 2-hydroxy fatty acid methyl esters will be reduced to 1,2-diols and then oxidized to carboxylic acids after the cleavage between Cl and C2. The chromatogram of the derivatives was exactly as we had anticipated. Therefore, all the fatty acids were concluded to be 2-hydroxylated.
As mentioned above, the small Peaks 17-22 in Fig. 2 were also recovered in the gas chromatogram of the one carbon-deleted non-hydroxy fatty acid methyl esters. This chromatogram was compared with that of a branched fatty Fig. 2 , the parent esters were deduced to be iso-15h:0, anteiso-15h:0, iso-16h:0, anteiso-16h:0, iso17h :0, and iso-18h:0, respectively. The fatty acid composition of the glucosylceramide is summarized in Table I . The major fatty acids were n-14h: 0, n-15h:0, n-16h:0, n-17h:0, n-18h:0, and n-24h:l, and they comprised more than 93% of the fatty acid content in the glucosylceramide. Interestingly, the branched acids were limited in shorter chain acids (C 15 -Ci S ), whereas the unbranched mono-unsaturated acids were only found in the longer chain acids (Ci 2 -C 25 ). Their contents were 2.1% and 10.3%, respectively, and the fatty acids with intermediate chain length (C 19 -Ci,) were scarcely detected (0.5%). The modification of the fatty acids might relate to the chain length.
• ' Long-Chain Base Composition-A gas liquid chromatogram of O-trimethylsilylated LCBs is shown in Fig. 4 . The numbered peaks were also analyzed by GC-MS. Representative mass spectra are shown in (32, 33) . In the mass spectra of Peaks 7 and 8 ( Fig. 5D) + were observed, indicating Peaks 7 and 8 were 0-TMS derivatives of t22:l (M = 587) (32, 34) .
To determine the positions of unsaturation, LCAs were prepared by the NaI0 4 oxidation of lyao-glucosylceramide and intact glucosylceramide. From 2 g of glucosylceramide, 800 mg of lyso-glucosylceramide was obtained by alkaline hydrolysis and Iatro beads column chromatography. LCAs prepared by the oxidation of lyso-glucosylceramide were further purified by HPLC. Four major peaks were detected at 230 nm, the absorption wavelength of conjugated aldehydes with an adjacent double bond (Fig. 6A) . The aldehydes were named as aldehydes 1 to 4 in the order of elution. LCAs (2.6 mg) derived from trihydroxy-type LCBs prepared by the direct NaI0 4 oxidation of the intact glucosylceramide (17.2 mg) gave two aldehyde peaks with some impurities by HPLC monitored at 206 nm (Fig. 6B) . The aldehydes were separated and named as aldehydes 5 and 6. The purified aldehydes were analyzed by 500 MHz 'H-NMR (Figs. 7 and 8) ; the assignments are summarized in Table U . Figure 7 represents ID and 2D-COSY spectra of aldehyde 1 (Fig. 7A) and aldehyde 2 (Fig. 7B) . In Fig. 7A , the aldehyde proton was observed at the chemical shift of 9.51 ppm. From this signal, the coupling of all the protons could be chased to the terminal methyl proton, and the positions of the double bonds turned out to be C2, C6,-and C8 (Table II) . Since the olefinic protons of the aldehyde 1 had the coupling constant of t/ u = 15.4 Hz, J^? = 14.7 Hz, and Ji, s = 15.0 Hz, all the double bonds were determined to Fig. 7. 2D-C0SY spectra of aldehyde  A  1 (A) and aldehyde 2 (B) in Fig. 6 . The aldehyde 1 detailed assignments are listed in Table II . Table II . The positions of the double bonds in the middle of the hydrocarbonic chain were determined by GLC analyses of the fatty acid methyl esters obtained by NalO, and KMnO. oxidation of the aldehydes (see text).
be trans. Similarly, in Fig. 7B , the coupling was chased from the aldehyde proton up to a triplet and olefinic signal (tf=5.33 ppm). It was again chasable from a doublet and olefinic signal {S=6.04 ppm) to the terminal methyl signal. Additionally, a singlet signal of methyl protons was observed at 1.74 ppm. These facts indicated that aldehydes 1 and 2 had the same double bond positions, and that aldehyde 2 had a methyl branch at C7. The double bonds at C2-C3 and C8-C9 of aldehyde 2 were deduced to be trans, because J^ and Jj,, of aldehyde 2 were 15.8 Hz (Table II) .
To determine the geometry of the double bond at C6-C7 in aldehyde 2, the signal of the branched methyl protons at 1.74 ppm was irradiated. The NOE enhancement was observed at the C5 and C9 protons (data not shown), indicating the methyl group and C5 proton were spatially close. Therefore, the double bond at C6-C7 was concluded to be trans. The proposed structures of aldehydes 1 and 2 are illustrated in Fig. 7 , A and B, respectively. Figure 8 shows ID spectra of aldehydes 3 to 6. All olefinic and allylic protons were assigned as listed in Table II . In this case, the coupling constants of the olefinic protons in the middle of the hydrocarbonic chains were hardly observed because the chemical shifts were very close. However, by irradiating at the coupled methylene protons, the coupling constants of the olefinic protons were clearly observed with the values of 9.9-11.0 Hz (Table II) , indicating cis configuration. In aldehydes 3 and 4, other olefinic protons conjugating with the aldehyde groups were determined to be trans from their coupling constants (15.8 Hz, Table II ).
The positions of the cis double bonds in aldehydes 3 to 6 could not be determined from the NMR spectra only. To determine these, aldehydes 3 to 6 were oxidized with KMnO 4 and NaI0 4 and methanolyzed for GLC analysis. Methyl esters of monocarboxylic acid and/or dicarboxylic acid were observed in the gas chromatograms; nonanoic acid and nonanedioic acid from aldehyde 3, nonanoic acid and decanedioic acid from aldehyde 5, and tridecanoic acid from aldehydes 4 and 6. Therefore, the aldehydes were determined to have the structures illustrated in Fig. 8 .
From the proposed structures of the aldehydes, each parent LCB was determined as follows: (4E,8E,lOE)-2-amino-4,8,10-octadecatriene-l,3-diol (dl8:3, from aldehyde 1), (4£,8£,10£)-2-amino-9-methyl-4,8,10-octadecatriene-l,3-diol (dl9:3, from aldehyde 2), (4E,13Z)-2-amino-4,13-docosadiene-l,3-diol (d22:2, from aldehyde 3), (4E,9Z)-2-amino-4,9-docosadiene-l,3-diol (d22:2, from aldehyde 4), (13Z)-2-amino-13-docosene-l,3,4-triol (t22:l, from aldehyde 5), and (9Z)-2-amino-9-docosene-l, 3,4-triol (t22:l, from aldehyde 6).
Therefore, Peak 4 in Fig. 4 , which was shown to be the O-TMS derivative of dl9:3 (Fig. 5B) , was concluded to be that of (4£,8£,10£0-2-amino-9-methyl-4,8,10-octadecatriene-l,3-diol, a novel LCB. Between the two derivatives of dl8:3 observed in Fig. 4 (Peaks 2 and 3) , the characterized dl8:3 was deduced to correspond to Peak 3 from the relative abundance of Peaks 3 and 4 ( Fig. 4) and aldehydes 1 and 2 (Fig. 6A) . It should be noticed that, concerning the derivatives of d22:2 and t22:l in the gas chromatogram (Fig. 4) , the minor isomers (Peaks 5 and 7) were detected before the major ones (Peaks 6 and 8), while in the high-performance liquid chromatogram (Fig. 6) , the small peaks (aldehydes 4 and 6) were eluted after the elution of the larger ones (aldehydes 3 and 5). Consequently, Peaks 5 and 6 correspond to aldehydes 4 and 3, and Peaks 7 and 8 correspond to aldehydes 6 and 5, respectively. The correspondence between the O-TMS derivatives in the gas chromatogram and the structures of their original LCBs are shown in Fig. 9 .
Interestingly, in Fig. 5 ed in the mass spectra of both dl8:3 and dl9:3 (Fig. 5, A  and B ). This might be the contributions of the conjugating double bonds to stabilization of the M + ions. The LCB composition of the glucosylceramide is listed in Table HI .
Tri-unsaturated LCBs have been found in a glucosylceramide of a tentaculata, Lingula unguis (35) . The double bond positions of this LCB were determined by GC-MS after iV-acetylation, oxidation to poly-ol with OsO 4 , and trimethylsilylation. This LCB is also 2-amino-4,8,10-octadecatriene-l,3-diol, but the geometry of the double bonds was not discussed. Fortunately, in our case the geometry could be deduced from the NMR spectra of the LCAs prepared from tri-unsaturated LCBs. While NMR is effective for analyzing the geometry of the double bonds, one troublesome point is that each molecular species must be separated before analysis. LCAs have an advantage in this regard; they are easily separated by HPLC, and those derived from dihydroxy-type LCBd have strong absorption at 230 run. The LCAs were stable at least for a month at -20'C.
The LCBs could be divided into the shorter chain group (Ci 8 -C 19 ) and the longer one (C22) as well as fatty acids in the glycolipid. The hitter group includes both dihydroxy and trihydroxy bases, but they have the same hydrocarbonic chains with the same position of cis double bonds, suggesting they were synthesized from the same precursor. The former group is completely different from the latter; that is, the double bonds in the middle of the hydrocarbonic chain are all trans and two of the double bonds are conjugate. Therefore, it is conceivable that the shorter chain group was synthesized differently from the longer one. Kochetkov et al. (36) reported a ganglioside from the hepatopancreas of the same starfish species. They did not find any tri-unsaturated LCBs in the lipid. Previously d22: 2 and t22:1 LCBs have been reported in several starfishes and a gastropod: d22:2 (4-trans, 9-cia and 4-trans, 13-cis) in Asterias rubens (13) , t22:l in A. amurensis (36) and Turbo cornutus (gastropod) (34) , and (13Z)-2-amino-13-docosene-1,3,4-triol in Acanthaster planci (14, 15) .
In the animal kingdom, the branched bases so far reported are mainly iso and anteiso types (37, 38) . Karlsson et al found a glucosylceramide with (4E,8E) -2-amino-9-methyl-4,8-octadecadiene-l,3-diol from the sea anemone, Metridium senile (39) . Recently intensive studies of the cerebroside from the Harderian gland of guinea pig clarified LCBs with a methyl branch at the middle of hydrocarbonic chains (40, 41) . In fungi, several species are known to contain a glucosylceramide with (4.E,8i?)-2-amino-9-methyl-4,8-octadecadiene-l, 3-diol (42-50) , which is the same LCB as that from the sea anemone. It was reported that the presence of 9-methyl branch and 8-ene is essential for an LCB to induce fruiting body formation in the fungus Schizophyllum commune (45, 50) . dl9:3 LCB found in the A. Me et al.
starfish spermatozoa is a novel type of LCB but is almost identical with those from the sea anemone and the fungi except for the existence of the conjugating C10-C11 double bond. Moreover, the fatty acid composition of the starfish glycolipid is in good accord with that of Lentinus edodes glucosylceramide, that is, the main species is 16h:0 and the carbon number ranges from 14 to 26 (50) . This fact implies some biological activities of the glucosylceramide with 9-methyl LCB (dl9:3) in starfish spermatozoa as well. This possibility remains to be proved.
